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Objective: Studies have suggested that the maldeveloped neural circuitry producing schizo-
phrenic symptoms may include the cerebellum. The authors found further support for this
hypothesis by examining cerebellar morphology in severely ill children and adolescents with
childhood-onset schizophrenia. Method: Anatomic brain scans were acquired with a 1.5-T
magnetic resonance imaging scanner for 24 patients (mean age=14.1 years, SD=2.2) with onset
of schizophrenia by age 12 (mean age at onset=10.0 years, SD=1.9) and 52 healthy children.
Volumes of the vermis, inferior posterior lobe, fourth ventricle, and total cerebellum and the
midsagittal area of the vermis were measured manually. Results: After adjustment for total
cerebral volume, the volume of the vermis and the midsagittal area and volume of the inferior
posterior lobe remained significantly smaller in the schizophrenic patients. There was no group
difference in total cerebellar or fourth ventricle volume. Conclusions: These findings are con-
sistent with observations of small vermal size in adult schizophrenia and provide further sup-

port for abnormal cerebellar function in childhood- and adult-onset schizophrenia.

(Am J Psychiatry 1997; 154:1663-1669)

N eurodevelopmental hypotheses of schizophre-
nia have found increasing support (1, 2); how-
ever, the nature and site of neurodevelopmental ab-
normalities in this disorder remain subjects of debate.
Childhood-onset schizophrenia is a rare and clinically
severe form of schizophrenia and offers an important
opportunity to examine abnormal neurodevelopment
in this disorder. Studies of this population have dem-
onstrated clinical continuity with later-onset schizo-
phrenia (3, 4), along with more severe premorbid lan-
guage impairments (5) and a more chronic course (6),
possibly reflecting a more extensive developmental
brain lesion. Quantitative brain magnetic resonance
imaging (MRI) of patients in the National Institute of
Mental Health (NIMH) study of childhood-onset
schizophrenia have revealed significantly smaller than
normal midsagittal thalamic area, larger than normal
lateral ventricular volume, which appears to be prog-
ressive, and no abnormality in the size of medial tem-
poral lobe structures (7-9).

In humans the cerebellum undergoes intense neuro-
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nal proliferation and migration during the first 1.5 to
2.0 years of life, rendering this structure more suscepti-
ble to injury from infection, cytotoxic agents, or radia-
tion during this period (10). Studies have suggested that
the maldeveloped neural circuitry producing schizo-
phrenic symptoms may include the cerebellum. Many
of the motor and eye-tracking abnormalities seen in
schizophrenia and in children at risk for schizophrenia
are characteristic of cerebellar disease (11). The cere-
bellum is involved in higher cortical functions (12-14),
including working memory, which is impaired in schizo-
phrenia (15), often in association with failure to acti-
vate frontal cortical regions normally during task per-
formance (16). Cerebellar activation during working
memory tasks may be mediated by neurons in the ven-
tral dentate nuclei that project to the prefrontal cortex
via the thalamus (17). Finally, abnormal cerebellar
blood flow and metabolism have been demonstrated in
both adult-onset (18, 19) and childhood-onset (20)
schizophrenia.

The cerebellum has also been implicated in language
processing (21). Some patients with autistic disorder, a
syndrome that includes impaired development of lan-
guage and social skills, have associated hypoplasia of the
cerebellar hemispheres and posterior vermis (22, 23). In
contrast, patients with Williams syndrome, who exhibit
preservation of language and social skills in the context
of global cognitive impairments (24), have preserved cere-
bellar size despite hypoplasia of the cerebrum (25).
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Quantitative studies of cerebellar morphology in
adult-onset schizophrenia have focused primarily on
the midsagittal area of the vermis, with inconsistent re-
sults. Early computed tomography (CT) (26) and post-
mortem (27) studies yielded evidence of vermal hy-
poplasia in schizophrenic patients, but other CT studies
(28) did not replicate this finding. MRI studies of the
midsagittal vermis in schizophrenia have similarly
shown no abnormalities (29, 30), larger than normal
area (31), and smaller area in male than in female
schizophrenic patients (32). Results from MRI exami-
nations of cerebellar volume have included one finding
of lower volume in female schizophrenic patients than
in female comparison subjects (33), one preliminary re-
port of significantly lower white matter volume of both
cerebellar hemispheres and lower volume of lobules 1X
and X of the vermis in male schizophrenic patients rela-
tive to male comparison subjects (34), and another pre-
liminary report of larger volume of a combined cerebel-
lum/brainstem measure in male schizophrenic patients
relative to male comparison subjects (35). With one ex-
ception (34), fourth ventricle size in schizophrenia has
been estimated by using midsagittal area or maximum
width; some studies have shown a larger than normal
fourth ventricle (26, 30, 34), and others have indicated
no abnormalities (29, 36-38). While some of these in-
consistencies may reflect differences between study
groups across studies, failure to use intrastructural
landmarks in determining the midsagittal plane of the
cerebellum, which frequently deviates from the mid-
sagittal plane of the cerebrum (39), may also contribute
to the lack of consensus.

In the present study midsagittal area of the vermis
and volumes of the vermis, inferior posterior lobe,
fourth ventricle, and total cerebellum were examined in
the patients in the NIMH study of childhood-onset
schizophrenia and were contrasted with those of a
group of matched healthy children. Intrastructural
landmarks were used to define the midsagittal plane.
Given the evidence of cerebellar involvement in lan-
guage development and processing (21, 22, 25), to-
gether with the severe premorbid language deficits in
this group (5), we hypothesized that total cerebellar vol-
ume would be smaller than normal in subjects with
childhood-onset schizophrenia. We further hypothe-
sized that the vermis, and particularly the inferior pos-
terior lobe of the vermis, would be smaller in schizo-
phrenic patients, reflecting the role of these structures
in oculomotor control (40, 41) and, hence, potentially
in the eye movement abnormalities seen in this disorder.

METHOD

Subjects

Schizophrenic children and adolescents were recruited nationally
for an ongoing study of childhood-onset schizophrenia (42). The in-
clusion criteria were a DSM-I111-R diagnosis of schizophrenia with on-
set of psychotic symptoms by age 12, a premorbid full-scale 1Q of at
least 70, the absence of active medical or neurological disease, and a
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history of poor response to or inability to tolerate treatment with at
least two different typical neuroleptics. The diagnosis was established
by using previous records and clinical and structured interviews of the
children and parents based on portions of the Schedule for Affective
Disorders and Schizophrenia for School-Age Chidren—Epidemio-
logic Version (43) and of the Diagnostic Interview for Children and
Adolescents (DSM-I11-R version) (44).

The 24 patients with schizophrenia included 12 girls and 12 boys
ranging in age from 9 to 18 years (mean=14.1, SD=2.2). The mean
age at the onset of psychotic symptoms was 10.0 years (SD=1.9), and
all of the patients had evidence of pubertal change upon admission to
the study (mean Tanner score=3.9, SD=1.2). Most of these patients
had substantial previous exposure to neuroleptics (mean expo-
sure=25.0 months, SD=15.5) and hospitalization (mean=8.3 months,
SD=13.0). There was no history of substance abuse, alcohol abuse, or
ECT. The mean WISC-R (45) vocabulary subscale score for 19 pa-
tients was 7.1 (SD=3.6), and the mean block design subscale score for
21 patients was 7.6 (SD=3.3). Five patients were not testable because
of the severity of their psychotic symptoms. The mean height for 23
patients and mean weight for 24 patients were 158.4 cm (SD=10.8)
and 62.1 kg (SD=18.8), respectively. A previously described method
(5) was used to review neuropsychological reports and school and
medical records from the prepsychotic period of all patients, and this
review indicated that nine patients (three girls, six boys) had been
diagnosed with a language disorder during the prepsychotic period.

Fifty-two healthy children and adolescents, selected to be similar
to the patients in age (mean=14.3, SD=2.0), sex (24 girls, 28 boys),
and handedness, were recruited from the community. Screening in-
cluded a telephone interview of the parents, completion of the Con-
ners Preliminary Parent Report (46) and the Achenbach Child Behav-
ior Checklist (47) by the parents, the Conners Teacher Preliminary
School Report and Conners Teacher Questionnaire (46, 48), physical
and neurologic examinations of the child, and structured interview of
the child and parent with the Diagnostic Interview for Children and
Adolescents (44). Psychiatric histories of all first- and second-degree
relatives were obtained from the parents. Individuals with physical or
neurologic abnormalities or lifetime histories of psychiatric problems
and those for whom major psychiatric disorders were present in first-
degree relatives or in more than 20% of second-degree relatives were
excluded. The mean Tanner stage, height, and weight of the normal
subjects were 3.6 (SD=1.4, N=51), 164.0 cm (SD=13.8), and 55.4 kg
(SD=12.8), respectively, while their mean WISC-R vocabulary and
block design subscale scores were 12.9 (SD=2.5, N=50) and 13.5
(SD=2.9, N=50), respectively.

Handedness was determined for both groups by using the 12 hand-
edness items from the Revised Neurological Examination for Subtle
Signs (49). Eighteen of the schizophrenic patients and 45 of the
healthy subjects were right-handed. The mean age, Tanner stage,
height, and weight of the subgroup of 27 healthy subjects for whom
total cerebellar volume was measured were 14.6 years (SD=2.2), 3.7
(SD=1.4), 164.4 cm (SD=13.3), and 55.9 kg (SD=14.5), respectively.
Thirteen individuals in this subgroup of healthy subjects were female,
and 20 were right-handed.

The parents of all subjects provided written informed consent, and
the subjects provided assent for participation in this study. This study
was approved by the NIMH Institutional Review Board.

MRI Image Acquisition

All subjects were scanned on the same GE 1.5-T Signa magnetic
resonance scanner, as described in detail elsewhere (50). We acquired
2-mm-thick contiguous slices in the coronal plane and 1.5-mm-thick
contiguous slices in the axial plane, using three-dimensional spoiled
gradient recalled echo in the steady state (TE=5 msec, TR=24 msec,
flip angle=45°, acquisition matrix=192x256, number of excitations=
1, and field of view=24 cm?2).

Image Analysis

All scans were read by a clinical neuroradiologist, who noted en-
largement of the left lateral ventricle in one patient scan and a focal
area of increased signal in the left frontal white matter in another.
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As previously described (50, 51),
total cerebral volume was quantified
by using an image analysis program
that supplements characteristics of
MR signal intensity with a template
based on a priori information about
expected brain surface shape and lo-
cation. The interclass correlation co-
efficient (ICC) for the interrater reli-
ability of measurements of 10 brains
by two raters was 0.99.

Midsagittal cerebellar areas and
volumes of the vermis, inferior pos-
terior lobe, fourth ventricle, and to-
tal cerebellum were measured by rat-
ers (L.K.J., P.C.B., A.L.K.) using
NIH Image (52) while blind to sub-
ject identity. For the midsagittal area
measurements, a midsagittal image
was reconstructed from the axial
data set in the plane, perpendicular
to the axial orientation, that bisected
the pyramid of the vermis, the fourth
ventricle, and the pyramid of the me-
dulla. The midsagittal areas of the
anterior, superior posterior, and in-
ferior posterior lobes of the vermis
were measured by manual tracing on
this slice. The anterior superior fis-
sure and the fourth ventricle demar-
cated the anterior lobe (comprising
lobules I-V), while the anterior supe-
rior and prepyramidal fissures de-
marcated the superior posterior lobe
(comprising lobules VI-VII). The inferior posterior lobe (comprising
lobules VI11-X) was defined as the area between the prepyramidal fis-
sure and the ventral edge of the fourth ventricle (23, 53, 54). The cere-
bellar tonsils were not included in the measure of the cerebellar vermis.
Ten brains were remeasured by a second rater to yield interrater reli-
abilities (ICC) of 0.83 for the anterior lobe, 0.85 for the superior poste-
rior lobe, and 0.90 for the inferior posterior lobe.

The volumes of the vermis (lobules 1-X) and inferior posterior lobe
(lobules VI11-X) were measured by manually outlining these structures
on all coronal slices in which they were visible for all subjects. Figure 1
provides an example of outlines of the vermis on coronal slices from the
brain MRI of a subject with schizophrenia. Total cerebellar volume was
measured by manually outlining the cerebellum on all axial slices in
which it was visible (53, 54). The fourth ventricle and brainstem were
excluded, while the cerebellar peduncles and vermis were included in
this measure. The cerebellum was separated from the brainstem by
drawing a straight line from the lateral point where the cerebellar hemi-
spheres abut the pons to the sulcus limitans of the floor of the fourth
ventricle (55). Each cerebellar slice was bisected at the midline for a
measure of right and left cerebellum. Because of the time-consuming
nature of manually measuring this large structure, total cerebellar vol-
ume was measured for each subject with schizophrenia and for a subset
of 27 healthy subjects selected to match the schizophrenic group in age,
sex, and handedness. Fourth ventricle volume was measured by using
an operator-supervised thresholding technique available in NIH Image
(52) for all slices in which this ventricle was visible. The volumes were
calculated by multiplying the summed area by slice thickness. Ten cere-
bella were remeasured by a second rater, and the interrater reliability
(ICC) was 0.94 for the vermis, 0.97 for the inferior posterior lobe, 0.91
for total cerebellar volume, 0.87 for the right cerebellum, 0.92 for the
left cerebellum, and 0.97 for the fourth ventricle.

Statistical Analysis

Group differences in demographic measures and total cerebral vol-
ume were assessed with chi-square analyses and t tests for independent
samples. The midsagittal vermal area and the volumes of the vermis,
inferior posterior lobe, and fourth ventricle were examined by using
repeated measures analysis of variance (ANOVA) with diagnosis and
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FIGURE 1. Coronal Slices From the Brain MRI of a 12-Year-Old Girl With Chronic Schizophrenia, From
Least to Most Posterior (left to right, top to bottom)?

aThe vermis (lobules 1-X) is outlined on each slice.

sex as between-subjects factors. Total cerebellar volume was examined
by using an ANOVA with diagnosis and sex as between-subjects factors
and side as a within-subjects factor. Because total cerebral volume was
significantly correlated with the total, right, and left cerebellar volumes
and with the vermis and inferior posterior lobe volumes in the patients,
repeated measures analysis of covariance (ANCOVA) was also per-
formed, with total cerebral volume used as a covariate.

We compared the effect size for the amount by which the midsagit-
tal area of the inferior posterior lobe of the schizophrenic patients in
the present study was smaller than that of the comparison subjects to
the effect sizes in three previous MRI studies of adult schizophrenic
patients for which means and standard deviations for this measure
have been reported. The three studies of adults included, respectively,
36 schizophrenic patients and 51 healthy subjects (30), 23 schizo-
phrenic patients and 16 healthy subjects (32), and 30 schizophrenic
patients and 11 healthy subjects (31). Comparisons were performed
by computing a z score weighted for group size for each study (56),
subtracting the mean of these z scores from a z score derived from the
present study, and dividing by the square root of 2 (the sum of the
variances) to obtain a difference z score (57).

For the schizophrenic group, Pearson correlation coefficients were
used to examine the relationship of the morphology of cerebellar
structures showing diagnostic differences to WISC-R vocabulary,
block design, and digit span subscale scores, total number of months
of neuroleptic exposure, and duration of illness. The relationship be-
tween presence of prepsychotic language disorder and morphology of
cerebellar structures showing diagnostic differences was also exam-
ined with Pearson correlation coefficients, to approximate the point
biserial correlation (58). Statistical analyses were performed with SAS
(59), except for the ANCOVA, which was performed with BMDP
(60). All p values are two-tailed.

RESULTS
There were no significant differences between the

schizophrenic group and either the total healthy compari-
son group or the subgroup of healthy subjects included
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in the assessment of total cere-
bellar volume in age, height,
weight, Tanner stage, gender,

TABLE 1. Unadjusted and Adjusted Midsagittal Area of the Vermis and Volumes of the Vermis, Inferior
Posterior Lobe, Fourth Ventricle, and Total Cerebellum for Children and Adolescents With Childhood-
Onset Schizophrenia and Healthy Comparison Subjects

handedness, or total cerebral
volume. The mean total cere-
bral volume of the schizo-
phrenic patients was 1076.8
cm3 (SD=129.8), and for the
healthy subjects it was 1118.5
cm3 (SD=117.6) (t=1.39, df=

Unadjusted Values

74, p=0.17). The patients with
schizophrenia had signifi-
cantly lower scores on the
WISC-R subscales for vo-
cabulary (t=7.53, df=67, p<
0.0001) and block design
(t=7.61, df=69, p<0.0001)
than the healthy comparison
group. The differences in
WISC-R scores for these vari-

“Midsagittal”” volumes (cm?3)
Vermis
Inferior posterior lobe
Fourth ventricle

Right cerebellum
Left cerebellum

Total cerebellar volume (cm3)2

Boys Girls

Healthy Healthy

Patients Subjects Patients Subjects

(N=12) (N=28) (N=12) (N=24)

Measure Mean  SD Mean  SD Mean  SD Mean  SD
Midsagittal vermal area (mm2)

Anterior lobe 481.0 623 501.0 48.6 4458 63.0 4722 477

Superior posterior lobe 3014 59.0 3044 396 323.2 48.2 3151 434

Inferior posterior lobe 328.1 685 3619 46.7 299.9 375 3432 554

8.4 0.8 9.3 1.0 7.5 0.9 8.7 1.0
2.8 0.6 3.0 0.4 2.3 0.4 2.6 0.4
1.6 0.4 1.6 0.5 1.7 0.5 1.4 0.7

78.6 8.0
78.0 7.5

79.7 7.4
78.6 8.1

70.9 7.4 73.1 5.3
70.9 8.4 72.9 5.6

ables between the schizophre-
nia group and the healthy
subgroup involved in the
analysis of cerebellar volume were similar in magnitude
and were also significant.

Midsagittal Vermal Area

The mean midsagittal areas of the vermal lobes and the
volumes of the vermis, inferior posterior lobe, fourth ven-
tricle, and left and right cerebellum are shown in table 1.
ANOVA:s indicated that the midsagittal area of the infe-
rior posterior lobe of the vermis was significantly smaller
in the schizophrenic patients than in the comparison sub-
jects (F=8.94, df=1, 72, p=0.004), while the midsagittal
area of the anterior lobe was smaller in the female subjects
in each group (F=5.96, df=1, 72, p=0.02). There were no
significant diagnosis-by-sex interactions.

The results of the ANCOVAs for all structures are
shown in table 2. The ANCOVA for the midsagittal
vermal areas indicated that, after adjustment for total
cerebral volume, all sex differences were lost while the
area of the inferior posterior lobe remained signifi-
cantly smaller in the schizophrenic patients than in the
comparison subjects. Comparison of effect sizes to as-
sess whether the difference in midsagittal inferior pos-
terior lobe area between these patients with childhood-
onset schizophrenia and the comparison subjects was
greater than for patients with adult-onset schizophrenia
(30-32) resulted in a difference z score of 2.38, which
was significant at p=0.02 (two-tailed).

Volume of Total Cerebellum, Vermis, Inferior
Posterior Lobe, and Fourth Ventricle

ANOVAs revealed no significant diagnostic differ-
ences for total, right, or left cerebellar volume. Female
subjects had significantly smaller cerebellar volumes
across sides and diagnostic groups (F=11.17, df=1, 47,
p=0.002), and this difference persisted after adjustment
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aHealthy boys, N=14; healthy girls, N=13.

for total cerebral volume with ANCOVA. Although the
mean volumes for left and right cerebellar hemispheres
were similar across groups, a significant right-greater-
than-left asymmetry was demonstrated for this struc-
ture. There were no significant interactions.

ANOVA:s indicated that the vermis and inferior poste-
rior lobe volumes were significantly smaller in the schizo-
phrenic patients (F=16.66, df=1, 72, p=0.0001, and
F=5.91, df=1, 72, p=0.02, respectively) and in the female
subjects across groups (F=9.69, df=1, 72, p=0.003, and
F=18.52, df=1, 72, p<0.0001). After adjustment for total
cerebral volume, the vermal and inferior posterior lobe
volumes remained significantly smaller in the schizo-
phrenic patients and in the female subjects across groups.
Because mean values for the volumes of these structures
in adult schizophrenic patients and comparison subjects
have not been published, comparisons of effect sizes could
not be performed. ANOVA and ANCOVA revealed no
significant diagnostic or sex differences and no significant
diagnosis-by-sex interaction for the fourth ventricle.

Relationship Between Cerebellar Morphology
and Clinical Variables

Within the schizophrenic group, no significant rela-
tionships were observed between volume of the vermis
or volume or midsagittal area of the inferior posterior
lobe and scores on WISC-R vocabulary, block design,
or digit span subscales, number of months of neuro-
leptic exposure, duration of illness, or history of pre-
psychotic language disorder.

DISCUSSION

In what we believe to be the first study of cerebellar
morphology in childhood-onset schizophrenia, pre-
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Values Adjusted for Total Cerebral Volume

Boys Girls

Healthy Healthy

Patients Subjects Patients Subjects

(N=12) (N=28) (N=12) (N=24)
Mean SD Mean SD Mean SD Mean SD
4782 623 499.3 486 4509 628 4729 47.0
302.1 587 3048 39.1 3219 484 3149 439
3220 685 3582 46.7 3115 353 3449 530
8.4 0.8 9.3 1.0 7.7 0.9 8.7 1.0
2.8 0.5 3.0 1.0 24 0.3 2.6 1.0
16 0.4 16 0.5 1.7 0.5 1.4 0.7
77.6 6.9 79.1 7.7 72.7 7.1 73.1 5.9
77.1 6.5 78.1 8.3 72.4 8.1 72.9 6.1

dicted group differences were found for the volume of
the vermis and the midsagittal area and volume of the
inferior posterior lobe. Vermis volume was 11.7%
smaller than normal in patients with childhood-onset
schizophrenia, while midsagittal inferior posterior lobe
area was 10.9% smaller and midsagittal inferior poste-
rior lobe volume was 8.9% smaller. These findings are
consistent with reports of small vermal size in adults
with schizophrenia (26, 27, 32) and with evidence of
abnormal cerebellar function in childhood-onset and
adult-onset schizophrenia (18-20). The observation of
a greater difference between schizophrenic and com-
parison subjects in midsagittal inferior posterior lobe
area in the present study than has been observed in
studies of adult schizophrenic patients suggests that

JACOBSEN, GIEDD, BERQUIN, ET AL.

persons with childhood-onset schizophrenia may sus-
tain a more severe neurodevelopmental lesion at this
structure.

While effects of previous neuroleptic medications on
vermal or inferior posterior lobe size in the present
study cannot be ruled out, the absence of significant
correlations between measures of neuroleptic exposure
and the size of these structures suggests that the ob-
served diagnostic differences may not reflect medica-
tion effects. The absence of a diagnostic difference in
fourth ventricle volume is consistent with some obser-
vations of adult-onset schizophrenia (29, 36-38).

Although our failure to observe significant diagnostic
differences in total cerebellar volume may reflect lack
of statistical power, the right and left cerebellar vol-
umes were only 2.2% and 2.0% smaller in the patients
with childhood-onset schizophrenia than in the com-
parison subjects. To detect differences of this magni-
tude as significant, by assuming a power of 80% and
significance level of 0.05, groups containing more than
200 subjects would be required (61). The absence of a
significant diagnostic difference in total cerebellar size
does not preclude abnormalities of neural organization
or function within the cerebellar hemispheres in schizo-
phrenia. Subnormal activation of prefrontal-thalamic-
cerebellar circuitry has been demonstrated in unmedi-
cated adults with schizophrenia performing practiced
and novel memory tasks, suggesting that “cognitive
dysmetria,” or poor coordination of retrieval, process-
ing, and expression of information, may be a funda-
mental deficit in schizophrenia (18). Cerebellar glucose
metabolism in medicated adult schizophrenic patients
at rest has been found to be lower than normal (19),
while unmedicated adolescents with childhood-onset
schizophrenia performing an auditory continuous per-
formance task were found to have greater than normal
cerebellar and thalamic glucose metabolism (20). These
observations are consistent with animal studies demon-

TABLE 2. Results of Analyses of Covariance® for Midsagittal Area of the Vermis and Volumes of the Vermis, Inferior Posterior Lobe, Fourth
Ventricle, and Total Cerebellum for Children and Adolescents With Childhood-Onset Schizophrenia and Healthy Comparison Subjects

Diagnosis
Diagnosis Sex by Sex Side
Measure F p F p F p F p Comment
Midsagittal vermal areaP
Anterior lobe 261 0.11 3.23 0.08 0.00 0.97 — — —
Superior posterior lobe 0.04 0.85 136 0.25 0.17 0.68 — — —
Inferior posterior lobe 7.25 0.009 0.68 041 0.01 0.92 — — Smaller for patients than for healthy
subjects
“Midsagittal” volumes®
Vermis 14.63 0.0003 474 0.03 0.04 0.84 — — Smaller for patients than for healthy
subjects, larger for boys than for girls
Inferior posterior lobe 458 0.04 9.33 0.003 0.02 0.88 — — Smaller for patients than for healthy
subjects, larger for boys than for girls
Fourth ventricle 145 0.23 0.22 0.64 0.99 0.32 — — —
Total cerebellar volume® 0.17 0.68 481 0.03 — — 4.62 0.04 Larger for boys than for girls, larger on

right than on left

aTotal cerebral volume used as covariate.
bDiagnosis-by-sex ANCOVA,; df=1, 71.
®Diagnosis-by-sex-by-side ANCOVA,; df=1, 46; two- and three-way interactions were not significant and are not shown.
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strating that cerebellar glucose metabolism decreases
after administration of dopamine antagonists and in-
creases after administration of dopamine agonists (62,
63), and they suggest that neuroleptics may attenuate
abnormally activated cerebellar neurons in schizophre-
nia. Given the absence of dopamine receptors in the
cerebellum, this effect of neuroleptic medication may
occur through cortical-cerebellar neural circuits (64).

The lack of a relationship between block design, vo-
cabulary, or digit span performance and the size of the
vermis or inferior posterior lobe is consistent with ob-
servations of healthy children (Giedd et al., in prepara-
tion) and healthy adults (65), as is the persistence of sex
differences in the size of the total cerebellum after ad-
justment for total cerebral volume (Giedd et al., in
preparation). Our failure to observe a significant rela-
tionship between WISC-R vocabulary subtest score or
presence of prepsychotic language disorder and the
morphology of the vermis or inferior posterior lobe
does not preclude the possibility that abnormal func-
tion in these brain regions contributes to impaired lan-
guage function.

While the inclusion criterion of previous nonresponse
to neuroleptic medication may have resulted in a non-
representative group of patients with childhood-onset
schizophrenia, phenomenologic similarities between
this study group and other groups of patients with
childhood-onset schizophrenia described in the litera-
ture (3, 4, 66) suggest that the present findings are rele-
vant to childhood-onset schizophrenia in general.

Preliminary data from a 2-year follow-up rescan
study of 11 schizophrenic and 22 healthy subjects from
the present study suggest that the cerebellar abnormali-
ties in childhood-onset schizophrenia may not be prog-
ressive. However, ongoing longitudinal rescanning of
these subjects will continue to more definitively address
this question.
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